The subject of artificial illumination is one which is filled with difficulties and interest for ophthalmologists. There is the provision of adequate light, of a right type, in the right place; and there is the fact that all known commercial forms of light are accompanied by a relatively large dissipation of heat. This, in its train, brings in the question of ventilation. Few workers agree upon what is, or is not, a comfortable light in which to work. As ophthalmologists it is so easy for us to be satisfied with our provision of spectacles, when to a large extent we will be ignorant of the conditions under which our prescription will be used. To those who have never had the opportunity of seeing workers at their tasks, I would suggest many visits to factories, not forgetting that the large modern scientifically designed and lighted establishments are by no means typical of the working and lighting conditions under which many people labour. The Factory Lighting Act lays down certain standards, but there is a vast field of offices, &c., not covered by this, and in many cases little count is taken of the decrease in efficiency or strain on the personnel which results from inadequate or badly placed illumination.
DISCUSSION ON ILLUMINATION Mr. J. G. Drummond Currie: The subject of artificial illumination is one which is filled with difficulties and interest for ophthalmologists. There is the provision of adequate light, of a right type, in the right place; and there is the fact that all known commercial forms of light are accompanied by a relatively large dissipation of heat. This, in its train, brings in the question of ventilation. Few workers agree upon what is, or is not, a comfortable light in which to work. As ophthalmologists it is so easy for us to be satisfied with our provision of spectacles, when to a large extent we will be ignorant of the conditions under which our prescription will be used. To those who have never had the opportunity of seeing workers at their tasks, I would suggest many visits to factories, not forgetting that the large modern scientifically designed and lighted establishments are by no means typical of the working and lighting conditions under which many people labour. The Factory Lighting Act lays down certain standards, but there is a vast field of offices, &c., not covered by this, and in many cases little count is taken of the decrease in efficiency or strain on the personnel which results from inadequate or badly placed illumination.
There are in general use three main sources of light: The metal filament lamp, the mercury vapour or sodium lamp, and the latest fluorescent tube. Of the three, the metal filament is cheap in first cost, small in bulk, and fairly efficient provided that the fitments are properly placed, adequate in number and of sufficient candle power. But these are fairly high dissipators of heat, poor for colour matching unless proper "correcting" methods are used. The mercury or sodium lamp costs more to install, is cheaper to run, but the wave bands emitted cover a very limited range and therefore coloured objects lose much of their original value. On the other hand the fluorescent tube has all the merits of the mercury or sodium lamp plus a very fair colour rendering and heat losses are relatively small. Stroboscope defects are much more marked in any lamp functioning on the gas discharge principle because, there being no hot filament to cool between the peaks of the cycles, the response to alternating current is almost instantaneous, and, of necessity, a rapid flicker is present all the time. It is true that this fluctuation is not visible under ordinary conditions, but it can make movement in machinery at certain speeds give the deceptive effect of being stationary or produce the rather unpleasant effect of a jerky movement. This stroboscope effect can be minimized by such devices as installing the lights in "staggered" phase, but it is still present, and one wonders if one day a combination of fluorescent materials with those of the phosphorescent group may not give continuous light. Fear by the workers that harmful ultraviolet rays may be emitted by these new lamps is, I think, groundless. By the time the existing wavelength of ultraviolet has stimulated the fluorescent material and passed through the glass, no more radiation takes place than occurs from an ordinary metal filament bulb. I would suggest a few short rules to be borne in mind: First, that light should be adequate for the type of work, and the source chosen should be of a suitable type both as regards lamp and fitting, not forgetting colour rendering. Secondly, that it should be installed in such a position that the source oflight is not too near the direct line ofvision. Thirdly, that shadows should be avoided as much as possible, with the exception of those types of "operation'" where unidirectional light is desirable. Fourthly, that specular reflection and too much heat are great disadvantages. Lastly, that too great a contrast of surrounding objects can be tiring and even dangerous. And in this last category do not forget the beneficial effect of reflection from properly decorated walls and ceilings.
Dr. J. W. T. Walsh (National Physical Laboratory): Brightness and illumination.-It has sometimes been said that the illuminating engineer should more properly regard himself as a brightness engineer since what the eye appreciates is brightness and not illumination. On the other hand the engineer is in two difficulties if he tries to design for brightness. In the first place the brightness of an object, measured by a photometer, depends partly on the illumination and partly on the reflection characteristics of the object, and the latter are usually quite out of the illuminating engineer's control. Even worse than this is the fact that the photometer does not tell the whole story. The word "brightness", as it is commonly used, may mean either of two things which are related but not uniquely. The word as used by the engineer generally denotes the quantity which the photometer measures, the physical attribute of an illuminated object. The same word is, however, at least as commonly used to denote one attribute of the sensation produced when an object is looked at, viz. that attribute by means of which objects may be arranged in a series of increasing or decreasing brightness. It is necessary to draw a clear distinction between these two meanings and to qualify the word by an adjective which shows clearly which meaning is intended. For the engineering or physical meaning the term "photometric brightness" may be used, the term "subjective brightness" being employed whenever the sensation is meant.
Illumination.-The photometric brightness of any given surface is proportional to its illumination, i.e. to the amount of luminous flux it receives per unit area. For a long time the notion of illumination was derived from that of luminous intensity, or candle-power. A surface was imagined to be placed at a known distance from a source of light of known candle-power and the illumination of the surface, if perpendicular to the light rays, was said to be equal to I/d2 when I was the candle-power of the source in the direction of the surface and d the distance of the surface from the source. If d was measured in feet and I in candles, I/d2 was expressed in foot-candles. Of course if the surface was inclined at an angle 0 from perpendicularity to the light, the illumination was reduced to the value (1/d2) cos 9 foot-candles.
This method of deriving the expression for illumination and the unit in which it was measured has now been superseded in illuminating engineering and it is customary to regard illumination as the surface density of incident light or, more precisely, of luminous flux. Luminous flux is measured in lumens and to indicate the order of magnitude it may be mentioned that the tungsten lamp (in the sizes used for indoor lighting) gives about 10 lumens per watt, while the new fluorescent tubular lamp gives about 38 lumens per watt (taking the average figure throughout the life of the tube) so that the luminous flux output from an 80 watt lamp is about 3,000 lumens.
Illumination, being the surface density of luminous flux, is measured in lumens per sq. ft. In fact, one lumen per sq. ft. is precisely the same as one foot-candle; they are two names for the same thing and only the method of approach is different.
The objection has been raised that the term "lumens per sq. ft. ", although self-explanatory and satisfactory in written form, especially if abbreviated as lm/ft2, does not lend itself readily to speech and it must be admitted that the full term is cumbersome. Alternative names have been suggested but the whole matter is still sub judice. Meanwhile, values of illumination in such documents as the Illuminating Engineering Society's Code of Good Lighting Practice are all now expressed in lumens per square foot, instead of in foot-candles.
Photometric brightness.-The photometric brightness of a surface may be measured and expressed in two ways. Every object can be regarded as a source of light, either primary or secondary. Objects which generate the light they emit are termed primary sources, while all others, which act as sources only in so far as they reflect some of the light they receive from a primary source, are secondary sources. Although the distinction is convenient the fact remains that any object is a light source and as such has a photometric brightness. In the case of a primary source the brightness is usually expressed as the candle-power of the source divided by its apparent area, both measured in the direction of view, e.g. in candles per square inch.
In an exactly similar way, the photometric brightness of any secondary source, such as an illuminated surface, can be expressed by its candle-power per unit area, but as the brightness is usually much lower the unit of area chosen is most often the square foot instead of the square inch.
It will be clear that the relation between the photometric brightness of a surface and its illumination is dependent on that property of the surface which is usually called its reflection factor. This quantity is defined as the fraction of the incident luminous flux which the surface reflects, the remainder being absorbed or transmitted.
Different kinds of surfaces distribute the luminous flux which they reflect in different ways. For matt surfaces the distribution is sufficiently uniform to give the impression that the photometric brightness is the same in all directions, but for every practical purpose the brightness varies with the direction of view. With some surfaces the departures from uniformity are comparatively small and an ideal surface in which the brightness is perfectly uniform is a convenient conception, usually referred to as a perfect diffuser.
The importance of the perfect diffuser is that, since the flux distribution is completely defined by the fact that the brightness is independent of the direction of viewN, this brightness can be related immediately to the illumination and to the reflectton factor. In fact the brightness, in candles per sq. ft., is equal to the illumination in lumens per sq. ft. multiplied by the reflection factor and divided by the constant 7r. The intrusion of this constant is often avoided by using a different unit for photometric brightness, a unit which is equal to 1/7r candle per sq. ft. This unit is known as the foot-lambert and it will be seen that the brightness of a perfectly diffusing surface in footlamberts is equal to its illumination in lumens per sq. ft. multiplied by its reflection factor. For an ordinary matt surface the relation, although not strictly true, holds sufficiently well for many practical purposes.
It may, perhaps, be regarded as regrettable that there should be two systems of photometric brightness units, but actually they are generally used for different purposes; the brightness of a primary source, such as a fluorescent lamp, is usually expressed in candles per square inch, while the brightness of illuminated surfaces is expressed in foot-lamberts. It may be worth noting that the former unit is, to an accuracy of about 10%, 500 times as large as the latter.
Measurement.-Both illumination and brightness can be measured visually with a special form of portable photometer which contains a comparison surface illuminated by a small battery lamp. The brightness of this surface is varied, by moving the lamp or otherwise, until it matches an external white surface placed at the position at which the illumination is to be measured. A scale attached to the device by which the brightness of the comparison surface is varied gives, by previous calibration, the illumination of the external surface.
In order to measure brightness with this instrument it is necessary to know the ratio of brightness to illumination for the external white surface. This is usually given as the "reflection-factor" of the surface, and it will be seen that if this is p and the instrument reading when viewing any surface is multiplied by p the product will be the photometric brightness of the surface in foot-lamberts.
For illumination measurements photo-electric instruments are replacing visual photometers. Light reaching the surface of the photocell is converted into electrical energy and the current generated by t-he cell is, within certain limitations, proportional to the illumination of the cell. One of the limitations is that the cell does not behave in the same way as the eye to light of different colours, with the result that if the instrument is calibrated for, say, the light given by a tungsten lamp the readings for daylight or for the light given by a fluorescent lamp have to be multiplied by a correction factor. Further, the response of the cell is less when the light is incident obliquely, at any rate for angles of 60 degrees or more with the normal. The familiar photo-electric exposure meter used by the photographer is an example of the application of an instrument of this kind to brightness measurement.
Mr. H. C. Weston (Medical Research Council): Dr. Walsh has dealt with the measurement of illumination and brightness, and my remarks will be confined to the illumination requirements of the eye, and to one or two points concerning artificial lighting.
The view is still often expressed that artificial light is not good for the eyes, at any rate if one has to rely upon it for long periods. One of the reasons advanced for this belief is that artificial light differs qualitatively and visibly from natural light. True, the spectral composition of the light given by artificial sources now commonly used is not identical with that of daylight; nor can it be made so, since the latter is subject to diurnal variations of colour quality. Nevertheless, most of these sources give what is broadly called "white" light, and it has never been shown that healthy eyes suffer any harmful effects which can be attributed to the "make-up" of the luminous flux emitted by such sources.
Even in the case of mercury and sodium electric discharge lamps, which have a discontinuous spectrum and emit bluish and yellow light respectively, there is no evidence that this characteristic is responsible for any organic changes which impair the sight. These lamps may be unsuitable for use in some circumstances, because of their colour-rendering properties and of the inconvenience or displeasure this may occasion, but these effects do no harm to the visual system.
The relatively new, but now widely used, fluorescent lighting, although generally very popular, has led to a number of complaints of ill-effects, as well as to some ill-considered speculations concerning the harm it might do. Most of the complaints of which I have personal knowledge have been vaguely expressed, and in these cases there have been no external signs of ocular disturbance. A sensation of strain is usually mentioned, so also is headache. Inquiry has usually elicited the fact that headaches were not uncommonly experienced before exposure to fluorescent lighting. The complaints have come chiefly from persons of psychoneurotic type-as judged by interview and medical history-and most of these people have been found to be working with low illumination. Badly planned installations are certainly responsible for some cases of dissatisfaction, and this is equally true when other types of light source are used.
Fears have been expressed concerning the effects of ultraviolet radiation emitted by fluorescent lamps, but there is none of shorter wavelength than is present in diffuse daylight, and its intensity at ordinary levels of illumination appears to be much less than is believed to be necessary for any abiotic action.
The only other objection to fluorescent lighting which seems to me to be worth discussion is on the score of flicker, as apparent in the so-called stroboscopic effect. There is no doubt that this is more or less disconcerting to some people, but certainly not to the majority. It can be made unobjectionable in multi-lamp installations.
I think there is no doubt that artificial light is not bad for the eyes on account of any qualitative dissimilarity to daylight; but it is very often bad for them because there is not enough of it, hence the eyes are required to operate too long at a distance which involves an undue muscular effort for accommodation and convergence.
This statement, which applies to many offices, factories, homes and other places, raises the question, "how much illumination is necessary for the performance of different visual tasks efficiently and without eyestrain?"
There is more than one method of getting an answer to this question. One way is to ascertain what, on the average, is the illumination currently used for different purposes. I need not enumerate the shortcomings of this method: suffice it to say that actual usage at any time is not necessarily determined by the real need of the user and, even in pre-Shinwellian times, there was always a general tendency towards direct economy in artificial lighting. When practice is freely determined, we find people who have really fine work to do choosing very high illuminations : For example, the lace-makers of Bruges and Geneva, who do their work, when they can, out-of-doors, where they often get more than 1,000 lumens per square foot; while most of us prefer to read, write or do other close work, near a window from which, in daytime, we can often get ten or twenty times more light than we put up with from artificial sources at night.
Another way is to determine, experimentally, the level of illumination at which the performance of particular visual tasks comes to a maximum. By this means, the optimum illuminations have been found for some specific occupations, and since the latter are visually comparable with others, it can be inferred that similar illuminations are suitable for these.
A third method consists in analysing the particular objects involved in any given task and appraising them in respect of certain characteristics, whose magnitudes determine the visual capacities required to see the objects easily. The principal characteristics with which we are concerned are the size and distance of the details that need to be distinguished, as well as the reflectivity of these details and of their immediate surrounds. Then-from what is known concerning the way in which visual performance varies with variation of size, contrast and illumination-a value of the latter can be found which will be appropriate for the task considered.
For practical application this method has been simplified, as far as possible, by the preparation of a chart which is included, with suitable explanatory notes, in the Illuminating Engineering Society's Lighting Code.
A point to notice particularly is that illumination values should rise in geometrical or equal ratio steps. The reason for this is that successively larger increments of illumination are necessary to increase visual capacity step by step, just as they are to produce, successively, an apparent difference of brightness. In other words, illumination should be increased in proportion to its value at the beginning of each step, rather than by equal increments, which would become progressively less effective; just as an increment of £10 when income is £1,000 would be far less satisfying than it would be when income is only £100.
The proportional increase upon each value to the next above it in the I.E.S. scales is not strictly constant, simply because to make it so would lead to inconvenient fractional values. The average increment, however, is one of nearly 50%, and, in practice, it is difficult to discriminate between visual tasks for which any smaller relative difference of illumination would be appropriate.
In the I.E.S. Code there is also a schedule of values of illumination necessary on the objects of special regard in various Interiors or Occupations. These values have been arrived at by the methods I have mentioned-chiefly, however, by the first and second. They can be accepted with considerable confidence, but are not final, and are subject to revision as and when the need for this becomes apparent.
Three values may be selected to show how widely different are the requirements for different visual tasks. First, in the home, 7 lumens per sq. ft. is recommended on cookers, sinks and tables, where there are specific visual tasks to be done. These involve the perception of detail which, on the whole, is of "ordinary" size, and is in moderate contrast with its background. The recommended value is found on the I.E.S. chart in the B scalewhich is applicable to cases of moderate contrast-opposite the division numbered 5 on the size scale.
Secondly, in industry, 30 lumens per sq. ft. is recommended for weaving medium worsted fabrics. Here, the detail involved just comes within the small category and, again, there is only a moderate difference between the reflection factors of detail and ground. Thirdly, in the hospital, 300 lumens per sq. ft. is recommended on operating tables, because the detail to be seen is often very small, and the contrast between the parts the surgeon must distinguish may be very poor, so that the appropriate illumination is to be looked for on the C scale of the Chart.
(Mr, Weston showed a slide illustrating the I.E.S. Illumination Chart.) So much for the illumination required on objects to which we must give special attention; but the illumination of the general field of view should be suitably proportioned to that of the restricted field of interest, so that there may be no great difference between the brightness of the latter and that of the panorama. As you know, this has been shown to be a necessary condition for the development of high acuity. It is also desirable to prevent the need for any considerable change of adaptation every time the gaze is shifted from the local field of work, and to avoid the feeling of gloom so generally associated with dark surrounds.
When local areas of the visual field have a brightness greatly exceeding the prevailing general level glare is usually experienced. This happens in rooms having very small windows and dark-coloured walls, but it is more frequently due to artificial lighting, owing to the still common practice of using unsuitable lighting fittings which do not screen the bare lamps from the eyes at all usual angles of view, or do not have a sufficiently low surface brightness.
People who complain of artificial light as being " too bright " generally mean-whether they realize it or not-that the sources of light are glaring, and not that there is too much light on the objects it is desired to see.
I need not enlarge upon the undesirable effects of glare, but will only remind you that they are quite frequently caused by the reflection of light from shiny surfaces in the normal field of view, and not only by the direct view of lighting units. When the presence of such surfaces is unavoidable-and they are often the actual objects of work-the lighting installation needs to be carefully planned to prevent images of the actual light sources from being seen in these surfaces.
Providing there is careful design for the avoidance of glare, the highest general illumination which is likely to be provided by artificial lighting in most buildings cannot be harmful to healthy eyes, for it is known that vision continues to improve as illumination rises, at least up to 1,000 lumens per sq. ft.
All the values of illumination given in the I.E.S. Code, and in other Codes of Practice, as well as in the Factory Lighting Regulations, have reference to the needs of average-sighted persons, and their effectiveness is conditional upon the avoidance of glare and the proper direction and diffusion of the light. For sub-sighted persons higher values of illumination are desirable.
In view of the growing proportion of the working population distributed in the older age-groups, the standard of vision that must be taken as the average is becoming lower.
The effect of this upon our industrial productivity may be more serious than might be supposed, unless the standards of illumination are improved, and a more extensive use is made of other aids to vision.
The effect of age upon the amplitude of accommodation of the eye is well known. Advancing age is also accompanied by some loss of visual acuity, some loss of transparency of the media, particularly to blue light, and by a reduction of the mean size of the pupil. It is also well known that partly for these reasons, most people-at any rate from middle-age onwards-become increasingly conscious of the need for good illumination for the performance of common visual tasks. Surprisingly, however, very little is known concerning the actual relationship between age and the speed and accuracy with which different grades of visual task can be performed, and of the way in which this relationship is modified by varying the illumination of the objects of vision.
Recent experimental evidence-not yet published-shows that visual performance in this sense falls off continuously from an unexpectedly early age, and the rate of decline with age-though it naturally differs according to the severity of the visual task is not inconsiderable, except with very easy tasks.
For example, if the visual task consists of distinguishing the name of a subscriber printed in the Telephone Directory, it seems likely that year by year, after the age of 21, we shall do it more slowly, and the annual loss of speed, between the twenties and the forties, may be as much as 3 or 4%.
[Here Mr. Weston showed a graph plotted from the results of two series of experiments made with small groups of subjects differing in age, who performed a visual task comparable with the practical example mentioned. It showed the continuous decline of visual performance during the middle third of the normal span of life, the annual decrement being of the magnitude suggested.]
If the visual task is made more difficult, either by reducing the size of the objects, or reducing the contrast between them and their background, then the slope of the curve relating performance with age becomes steeper, i.e. the annual loss of visual performance becomes greater. Conversely, with easier visual tasks, the adverse effect of advancing age is less marked. 50 826 Because its occurrence is insidious-like the depreciation of the power of accommodationthis loss of visual efficiency is not realized until it has progressed so far as to become a nuisance in daily life, as it does at about the age when it is usual to get a first prescription for so-called presbyopia. But it is probably not a loss which can be ascribed to ocular changes alone. Presumably there is ageing of the extra-ocular central nervous parts of the visual apparatus, and this may account partly for the decline in performance.
The rate of decline can be diminished by improving illumination, although the effect of age cannot be offset entirely by this means. As age advances, a given increment of illumination, say a doubling, is relatively more effective; that is to say, it brings about a greater percentage improvement of visual performance, for example, at the age of 45 than it does at the age of 35, and the more so the smaller the objects which have to be seen. Even so, the improvement is not enough to nullify the toll of time. All we can do is to minimize this toll and, if this is to be done, even the under-forties require higher levels of illumination for some everyday visual tasks than are often provided by artificial light. Two short films made by the General Electric Company of Wembley were then shown, both illustrating the effect of illumination and colour on the ease with which fine work could be executed.
The first showed the threading of a needle, and the second industrial lathe work. They showed especially that the direction of illumination was even more important than the quality and amount.
The President, in opening the discussion, drew attention to a question ophthalmic surgeons were often asked by patients, namely, what was the best light by which to do a certain type of work. He had personally found that a somewhat difficult question to answer.
Mr. F. A. Williamson-Noble said that he would like to obtain a copy of the artificial lighting chart' shown on the screen because he, like the President, was constantly bombarded with the question as to the best light a certain piece of work should be done by. His usual answer was to hand to the inquirer the pamphlet on lighting in schools which gave at the end a table showing the amount of light required for various purposes but that was not so comprehensive as the chart shown during the opening remarks.
With regard to the use of glazed paper in books he personally was constantly bothered by the reflection from the paper and often wondered whether the use of glazed paper should be banned from books. A matt surface would be very much better though that might affect the contrast between the printing ink and the background.
Dr. F. W. Sharpley said he was always finding himself up against the question of glare; although a great deal of work had already been done in that regard much more required to be done. He did not think the effect of glare in everyday life was sufficiently realized. He was not referring particularly to such glare as that caused by specular reflection from glazed paper but, more generally, to the effect of direct light from the source of illumination both in the case of artificial illuminants and natural illumination from the sky through windows. He had noticed in practice so many instances in which glare effect could be reduced by very simple means. It was, to some extent, a matter of educating the public. A matter which might be of interest to ophthalmic surgeons was the question of the more extensive use of eyeshades, such as compositors used, for operations for which they were not now used. One might find, for instance, that a typist was typing against the light, which was obviously wrong, but there were instances in which it was difficult to avoid that position. In such cases an eyeshade would be helpful, to mitigate the effects of glare but one seldom saw it used. It would be interesting to hear what ophthalmic surgeons had to say with regard to the more extensive use of eyeshades.
The use of fluorescent lamps was often recommended as a means of reducing glare because there was a larger source and, consequently, a lower surface brightness for a given candlepower. It did not seem to be as fully appreciated as it might be that that lower brightness did reduce the glare in one sense, but there was still an appreciable degree of glare from the disability point of view, just as there was from a large daylight window. One could easily detect the effect of that glare by simply shading the eyes momentarily from the source while observing an object in the same field of view.
With regard to the flicker from fluorescent lamps, the use of lamps on different phases staggered over the factory system was one way of reducing the flicker though it did not altogether abolish the effect, particularly in the peripheral field of view. The speaker did not think a self-contained three-phase lamp had yet been produced, but such a lamp with a 'Procurable from the Illuminating Engineering Society, 32, Victoria Street, London, SW. In cluded in " I.E.S. Code for the Lighting of Building Interiors.'" Is. 6d, suitable fusing glass would combine the light from each phase and give a single light unit from which there would be no appreciable flicker. Had that been attempted and, if not, were there any real difficulties in the way? He personally could not see any insurmountable difficulties.
Much had been said as to the intensity of illumination and instruments for measuring that intensity. It was, of course, widely recognized that intensity was only one aspect of lighting, but it was possibly not fully recognized how small an aspect of the whole it was. It seemed that there should be an endeavour to use the individual himself as a meter for assessing lighting. If it were possible to measure the output of a group of individuals under conditions which were otherwise completely controlled it might be possible to get a better evaluation of lighting effect. The speaker here had in mind output from factories; it was not, of course, possible to measure output, say, from a home. One could, however, conceivably adapt the results obtained from the factory investigation. A measure of output in the factory would take into account the accidents, mistakes and speed of working; it would measure, in a sense, the glare and discomfort effects; it would reflect the psychological effect of the lighting and other factors not taken into account by intensity measurements alone and of which little was known.
Mrs. Dorothy Campbell drew attention to two points: (1) That the clerical staff in a factory are often denied good illumination owing to the expense of installation; and (2) that in the dirtier trades, such as moulding, illumination is allowed to fall deplorably low because the lights are not kept clean.
Mr. D. V. Giri asked for some explanation of what was meant by absorption of light.
Also he wanted from the lighting engineers information as to goggles so frequently used now, and of all tints. Did the trade go upon any scientific principle in introducing the tints of the goggles and why should the public resort to them without having any test beforehand?
He frequently went to winter sports and had never taken any steps to protect his eyes and, moreover, he had never felt the need for so doing. Many others also went to winter sports and did not need eye protection. In the vast majority of cases that was unnecessary. The tints of the goggles varied so much that the speaker wondered on what basis the manufacturers produced the various tints.
Dr. Brian Stanford said that the point made earlier, that many people found the new fluorescent lighting "a strain" on their eyes, could not be dismissed just because there was no evidence of pathological changes. He thought there was a psychological explanation: If the intensity of ordinary outdoor daylight was assessed as 1,000 to 10,000 units, then in the house it was about 40 units. When it reached 15 to 12 units one switched on the light and as daylight further faded one was working with electric lighting at about 8 units. The colour of the new daylight fluorescent bars matched daylight extremely closely, and in an ordinary room one lamp gives about 12 units, that is an illumination at which one would normally want to switch on the electric light, and yet the lights were on. That sensation might account for the sense of strain complained of; the lights were on and yet one wanted to put them on. If the daylight bar were replaced by the Type B bar, which has a reddish light, then it was accepted as artificial light. The level of illumination was much the same, but one knew that lights were on and felt happier. But one daylight bar in a small kitchen with white walls caused no strain because the level of illumination here reached 20. units.
Mr. Williamson-Noble had referred to glazed paper for books, which raised an interesting point. The reflectivity of good white paper was about 80% and of black ink about 3 %, which gave a contrast range of about 30 to 1. In a well-lit room that was too much, but it was necessary for bad lighting conditions. Most homes were ill-lit, but books designed for the richer people who had more brightly lit homes were printed on off-white paper, so bringing the contrast down to about 20 to 1. The President, after some closing remarks, referred to Mr. Giri's point on the wearing of goggles. He (the President) thought it might be said that goggles were worn often merely as a contrast, just as the black patch was in earlier days!
